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ABSTRACT 
 
Land Surface Temperature (LST) is a major concern in the 
earth science. Accurately retrieving LST from passive 
microwave data will promote work in many other research 
fields. In this paper, a simple linear relationship is developed 
to relate the microwave surface emissivities at vertical and 
horizontal polarizations for the channels of Advanced 
Microwave Scanning Radiometer-Earth Observing System 
(AMSR-E) instrument. On the basis of this relationship and 
the radiative transfer equation, a method is also proposed to 
derive directly LST from AMSR-E data, provided that the 
volumetric soil moisture and atmospheric quantities are 
known or can be estimated a prior. The preliminary 
validation results indicate that LST can be obtained with a 
RMSE of 1.4K from the simulated data with NE'T=1.0K, 
as for the actual AMSR-E data over the desert region, 
compared with MODIS LST product, the proposed method 
can give an estimation of LST with a RMSE of 4.9K. 
 
Index Terms—Land surface temperature and emissivity, 
AMSR-E data, Microwave emissivity relationship 
1. INTRODUCTION 
Land surface temperature (LST) plays an important role 
when studying the balance of energy exchange of the earth. 
In many earth science disciplines, it is a key input parameter 
for many models, such as global change model, climate 
prediction model, and other land surface processes models. 
The knowledge of LST is a key issue in the earth science for 
a long time, and with the development of remote sensing 
technology, it becomes possible to retrieve and monitor LST 
in a large scale. How to efficiently and accurately retrieve 
LST from remotely sensed data has been a major concern. 
Besides the atmospheric effects in the high frequency, the 
main problem in retrieving LST from passive microwave 
data is that the number of unknowns to be retrieved is 
always one more than that of the channel measurements, 
making the retrieval unstable and no unique. It is therefore 
necessary to develop some additional constrains at least one 
constrain to make the retrieval stable and reliable. Up to now, 
many retrieval models have been developed and can be 
classified roughly into two types. One is semi-empirical 
model. This type of model has been generally developed by 
directly relating LST to the combination of brightness 
temperatures measured at satellite or ground levels at 
different frequencies and different polarizations for some 
specific conditions [1-3]. Since this type of model is 
empirical, it can not be used universally and always needs to 
be adjusted if applied to other conditions. Another type of 
the model is physics-based model. Compared with the 
former one, physical model has explicit physical meanings 
and is applicable to all conditions to a certain extent. 
However, physical model is generally much more complex 
than semi-empirical model, and needs many input 
parameters which are difficult to be obtained in practice. 
These hamper the application and accuracy of physical 
model [4, 5]. This paper focuses on the estimation of LST 
from passive microwave data (AMSR-E) for bare surfaces. 
In the next section, both simulated and actual AMSR-E data 
are described briefly. A simple linear relationship is 
developed between emissivity at vertical and horizontal 
polarizations for a given frequency. On the basis of this 
relationship, a method is proposed to retrieve LST from 
AMSR-E data. The results are showed and discussed in the 
third section. The conclusion is given in the fourth section. 
2. METHOD AND DATABASE 
2.1 Method 
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For bare surfaces, the brightness temperature TBp measured 
at satellite level in p polarization mode (p=V, H are vertical 
and horizontal polarizations respectively) can be written as: 
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where ep is surface effective emissivity in p polarization 
mode, Te is land surface effective temperature (LST), Ĳa is 
the atmospheric opacity, Tsky is cosmic background emission 
(Tsky§2.7K), Tau and Tad are the upwelling and downwelling 
atmospheric emissions respectively. 
Assuming that the relationship between different 
polarization emissivities at the same frequency can be 
expressed as [6]: 
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provided that the atmospheric quantities (Ĳa, Tau and Tad) are 
known, the surface effective temperature (Te) can therefore 
be retrieved from satellite measured TBV, TBH by: 
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2.2 Database 
 
2.2.1 Simulated data 
In our work, to analyze and establish a stable relationship, a 
simulated land surface emission database in the microwave 
has been established with AIEM model [7] for the 
configuration of AMSR-E instrument, i.e. 6.925, 10.65, 18.7, 
23.8, 36.5 and 89 GHz at vertical and horizontal 
polarizations with incident angle of 55 degrees. In the 
simulation, volumetric soil moisture varied from 2% to 44% 
at a step of 2%, and surface roughness parameters including 
root-mean-square height from 0.25cm to 3.0cm at 0.25cm 
interval, and correlation length from 5cm to 30cm at a step 
of 2.5cm. With this surface emission database, a simulated 
AMSR-E brightness temperature data are generated using 
the modified microwave radiative transfer model (MWMOD) 
[8] combined with AIEM model for different atmospheric 
conditions and different surface conditions. 
 
2.2.2 Satellite data 
AMSR-E data onboard the NASA Earth Observing System 
(EOS) Aqua satellite will be used to determine LST with the 
proposed method. Aqua satellite provides global passive 
microwave measurements of terrestrial brightness 
temperatures from 19 June 2002 at several frequencies 
(6.925, 10.65, 18.7, 23.8, 36.5 and 89GHz) at both vertical 
and horizontal polarizations. Brightness temperatures (TBV, 
TBH) are distributed by the National Snow and Ice Data 
Center of Boulder, Colorado, and the data are resampled to a 
global cylindrical 25 km Equal-Area Scalable Earth Grid 
(EASE-Grid) spacing. The MODIS/Aqua LST Daily L3 
Global 6 Km Grid (MYD11B1), is tile-based and gridded in 
the Sinusoidal projection, and produced daily at 6 Km 
spatial resolution. This LST product (MYD11B1) will be 
used as actual value of LST to evaluate the accuracy of LST 
retrieved from AMSR-E data with the proposed method. 
 
2.2.3 Auxiliary data 
In this work, the AE_Land3 data (AMSR-E/Aqua Daily L3 
Surface Soil Moisture) [9] is used to determine the 
coefficients a and b in eq. (3). The meteorological 
re-analyses atmospheric profiles (ECMWF) data are also 
used to correct for the atmospheric effects in AMSR-E data. 
2 RESULTS AND DISCUSSIONS 
3.1 linear relationships  
 
By analyzing the simulated surface emission database, a 
good linear relationship between vertical and horizontal 
polarization emissivities as shown in eq. (1) is verified, 
however, the coefficients of this linear relationship (a and b) 
are found to be dependent of the Soil Moisture (sm), 
namely: 
( ) ( )                                       (4)V He a sm e b sm  
where the coefficients a and b are independent of surface 
roughness parameters and only dependent of the volumetric 
soil moisture (sm). (see Fig.1). Table.1 shows the values of 
coefficients a and b in all soil moisture conditions at 
18.7GHz. The dependence of a and b on soil moisture is 
showed in Fig.2 and Fig.3 and can be represented by a cubic 
function as  
3 2
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3.2 LST retrievals  
 
In order to evaluate the accuracy of the LST retrieved from 
AMSR-data using eq. (3) in combination with eqs. (4) and 
(5) for all possible conditions, both simulated and actual 
AMSR-E brightness temperature data are used. For the 
simulated data, the noise equivalent temperature difference 
(NEǻT) of 1.0K is added. Fig.4 displays the histogram of 
the LST difference between retrieved and actual values. The 
RMSE of retrieved LST is 1.4K.  
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Fig.1 Linear relationship between simulated vertical and horizontal polarization emissivities at 18.7GHz. 
 
Table.1 Coeficients a and b in eq. (2) for different volumetric soil moisture contents (sm). 
sm 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
a -0.342 -0.361 -0.377 -0.390 -0.400 -0.409 -0.415 -0.419
b 1.270 1.272 1.269 1.263 1.254 1.241 1.227 1.212
sm 0.18 0.2 0.22 0.24 0.26 0.28 0.3 0.32
a -0.423 -0.425 -0.425 -0.425 -0.425 -0.423 -0.421 -0.419
b 1.195 1.177 1.159 1.140 1.122 1.103 1.084 1.065
sm 0.34 0.36 0.38 0.4 0.42 0.44   
a -0.415 -0.412 -0.408 -0.404 -0.399 -0.394   
b 1.047 1.029 1.011 0.993 0.976 0.959   
 
As for the processing of actual AMSR-E data, the 
AE_Land3 data and meteorological re-analyses atmospheric 
profiles (ECMWF) over the desert of North Africa from 8 
October to 10 October 2006 are used. The atmospheric 
quantities (Ĳa, Tau and Tad) are estimated from 
meteorological re-analyses atmospheric profiles (ECMWF) 
data with the microwave radiative transfer model 
(MWMOD). Compared with MODIS/AQUA derived LST 
for clear sky pixel over the desert region, the results show 
that eqs. (3), (4) and (5) can give promising LST results and 
the RMSE of retrieved LST is 4.9K (see Fig.5). For the 
actual data, there are many reasons contributed to the 
differences between MODIS/AQUA derived LST and 
AMSR-E derived LST, and the uncertainty of atmospheric 
quantities and different sample depths of thermal infrared 
and microwave may be two of the principal reasons. 
 
Fig.2 Coefficient a in function of volumetric soil moisture 
for 18.7GHz channel. 
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Fig.3 Same as figure 2, but for coefficient b. 
 
Fig.4 Histogram of the LST retrieved errors using the 
proposed method with the simulated data at 18.7GHz. 
 
Fig.5 Histogram of the difference of LST between the 
values retrieved from the actual AMSR-E data at 18.7GHz 
channel and the LST product derived from MODIS data. 
3 CONCLUSION 
In this paper, on the basis of analyzing the simulated surface 
emission database, a simple linear relationship between 
vertical and horizontal polarization emissivity for a given 
frequency is developed. The coefficients of the linear 
relationship are shown to be a cubic function of the 
volumetric soil moisture content. Both simulated and actual 
AMSR-E data are used to retrieve LST with method 
proposed in this work. The results show that knowing the 
soil moisture and atmospheric parameters, the linear 
relationship can be used as a constraint to retrieve LST and 
can provide a reasonable LST value. 
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